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(57) Abstract: A sensor for optically detecting a location of an object within a field of the sensor includes first, second and third 
photodetectors airanged to receive photons from respective first, second and third sensing zones within the filed of the sensor. The 
first, second and third sensing zones are adjacent to one another and the sensor includes a processing circuit that receives first, second 
and third signals from the respective tirst, second and third photodetectors. One of the first, second and third signals is indicative 
of photons reflected by the object within the field of the sensor and the processing circuit compares the one of the first, second and 
third signals to another one of the first, second and third signals and a predetermined threshold value to determine the location of the 
object within the field of the sensor. 
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MULTIFUNCTION OPTICAL SENSOR WITH 
VARIABLE DETECTION THRESHOLD AND NOISE SUPPRESSION 

BACKGROUND OF THE INVENTION 
The present invention relates generally to sensors and, more particularly, to 
a sensor having at least one photodetector that optically detects the location of an 
object within the field of the sensor. 

Conventional optical or photoelectric sensors typically include a source 'of 
photons such as a light-emitting diode (LED); a collimating lens that collimates the 
photons emitted by the LED and that directs the photons toward a sensing>field; a 
photodetector that detects the photons that have been reflected by an object 
within the field of the sensor; and a converging lens that directs the reflected 
photons (i.e., forms a convergent beam) toward an aperture of the photodetfector. 
Generally speaking, these conventional convergent-beam-type photoelectric 
sensors provide a sensing output that is based on the absolute signal levels*, 
produced by the photodetector in response to photons which the photodetectbr 
receives from the near focal position of the sensor. Additionally, these 
conventional photoelectric sensors typically compare the absolute signal levelsto 
a predetermined threshold value in order to determine whether an object is 
located within the field of the sensor. As a result, the sensing capability of these 
sensors is significantly affected by the surface conditions of the target (e.g., color, 
roughness, shape, etc.), background radiation or noise, and/or spurious 
reflections caused by objects not of interest but that are located within regions of 
the sensing field. 

The present invention addresses one or more of these problems. 
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SUMMARY OF THE INVENTION 
The following summary of the invention is provided to facilitate an 
understanding of some of the innovative features unique to the present invention, 
and is not intended to be a full description. A full appreciation of the various 
aspects of the invention can be gained by taking the entire specification, claims, 
drawings, and abstract as a .whole. 

In accordance with one aspect of the invention, a sensor that optically 
detects a location of an object within a field includes first, second and third m ; . 
photodetectors arranged to receive photons from respective first, second and third 
sensing zones within the field. The. sensor includes a processing circuit that 
receives first, second :and third signals from .the respective first, second and third 
photodetectors: One of the first,, second and third signals is indicative of photons 
reflected bythe object within. th^. field and the processing circuit compares fHe/One 
of the first, second and third .signals to; another one of the first; second^ and third 
signals in order to determine the.location of the object within the field. - 

In accordance with another aspect of the invention, a sensor that optically 
detects the location of an object within a field includes a source of photonioh 
radiation, a first lens, first, second and third photodetectors, a second lens,"^and a 
processing circuit. The first lens collimates photons emitted from the source of 
photonic radiation to form a collimated radiation beam that is directed into the 
field. The first, second and third photodetectors are arranged to receive photons 
from respective first, second and third sensing zones within the field; and the first, 
second and third sensing zones are adjacent to one another. The second lens 
directs photons reflected by the object within the first, second and third sensing 
zones to the respective first, second and third photodetectors. The processing 
circuit receives first, second and third signals from the respective first, second and 
third photodetectors and one of the first, second and third signals is indicative of 
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photons reflected by the object within the field; The pn^cessing circuit compares 
the one of the first, second and third signals to another one of the first, second 
and third signals in order to determine the location of the object within the fii3ld. 

In accordance with yet another aspect of the invention, a method of 
optically detecting a location of an object includes the steps of: emitting photons 
Into a field; receiving photons reflected by an object within first, second and^third 
sensing zones of the field; converting the photons to first, second and third signals 
corresponding to the first, second and third zones; and processing the firstp 
second and third signals to determine the location of the object within the f\eM\' 

The novel features of the present invention will become apparent to thbse of ^ : 
skill in the art upon examination, of the following detailed description of the invention. ^ 
or can be leamed by practice of the present/invention. It should be understbodfi 
however, that the detailied description of the invention and the specific example 
presented, while Indicating certain embodiments of the present invention, ared. 
provided for illustration purposes only because various changes and modifio^lSons 
within the spirit and scope of the invention will become apparent to those of skill^in 
the art from the detailed description of the invention and claims that follow: 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying figures, which are incorporated in and form part ofithe 
specification, further illustrate the present invention and, together with the detailed 
description of the invention, serve to explain the principles of the present invention. 

FIG. 1 is a diagrammatic view of a sensor that optically detects the fdfeitibn 
of an object within a field of the sensor; . 

FIGs. 2A-2C graphically depict exemplary response characteristics loff3he- 
photodetectors shown in FIG. 1 ; 

FIG. 3 is an exemplary, flow.diagram depicting one method of 
accomplishing a convergentscanoperational mode using the sensoi^offPlfSshyig u 

FIG. 4 Is another exemplaryflow diagram depicting a method of 
accomplishing a near field background suppression operational modfe'^asHnigihi^jy a 
sensor of FIG.. 1;. and 

FIG. 5 is yet another exemplary flow diagram depicting a method of^lG. 
accomplishing a far field background suppression operational ^nodeiasMagpHh^ ; 
sensor of FIG. 1. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS . 

The sensor described herein optically detects photons reflected by an 
object within the field of the sensor and can determine the location of the object 
with respect to a plurality of predetermined sensing zones that lie within the:field of 
the sensor. More specifically, the sensor described herein has three photoMi 
detectors that are arranged to receive photons from three respective, sensirrgcl 
zonesi. . Each of these photodetectors produices a signal that is indicatives oli^he 
quantity of photons received from its respective sensing zone. Proc.erS3in^ 
circuitry ; within the sensor processes ithe; photodetectoF signals to^ det€^mh1rie.if tah^ 
object lies within a particular one of the sensing zones and the processing/ icircuifry 
can additionally provide an output signal that indicates the result of this 
^determination.^ 

Generally speaking, the processing circuitry compares the photodeteeton- 
sign'ats^tofioneajaathervantj torarliserradjustable threshold value so th'at^tfeeteffect&^^i 
of <r3ioise:and/orspumousjreflectibnsr:w^ and vaiy.irigss\FPface*r > 

conditions of the target object can be 'Substahtially raininiized or eliminatedni 
altogether to substantially minimize or eliminate false readings at th^tsen^* 
output Additionally, the sensor described, herein can process the photodet^ctor 
signals in several different manners to accomplish different user-selectabler 
sensing modes, which significantly increases the application flexibility. of tli;e 
sensor. 

FIG. 1 is a diagrammatic view of a sensor 10 that optically detects thie 
location of an object within a field 12 of the sensor 10. The sensor 10 includes an 
emitter 14 that emits photonic radiation toward the field 12 of the sensor 10, a 
collimating lens 16, a converging lens 18, first, second, and third photodetectors 
20-24, and a processing circuit 26. The emitter 14 is preferably an LED or a laser 
diode that emits photonic radiation having a wavelength within the visible and/or 
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infrared spectrum. As is commonly known, the emitter 14 can be powered by a 
constant current or voltage source or can, alternatively, be powered by current or 
voltage pulses having any desired frequency and duty cycle to suit the particular 
application for the sensor 1 0. 

The collimating lens 16 is interposed between the emitter 14 and thefield 
12 so that divergent photons emitted by the:emitter 14 are collimated into aii 
collimated: photon beam 27; which is directed substantially toward the fteld'^Zi As 
shown in FIG..1, a.portion'Of the field #2..is sub-divided into a near field sensing 
zone 28, a middle field sensing zone 30; and a far field sensing zone 32. TJtxe 
three sensing, zones: 28<-32--are.adjacent to 'Or contiguous with each 'other and^iare 
arranged along an axis 34 that extends away:from the sensor 10. 

An objecbthait'has^a.surfac6:capable:of:reflecting photons and that is 
loGate(*iwithin Jhie near field sensing,20rieR28;;<wfll;refl6Gt photons from the; a 
colliraated . photon beam 27 through- the'convefging. lens 18 toward the first " ' 
photQdetector;20. ; Similarlyvwheh.thei6bjBct is located;withinthe middle fieldi 
sensing, zone 30, the photons will be reflected and passed through the converging 
\ens 18 toward the second photodetector 22, and when the object is within the far 
field sensing zone 32, the photons will be reflected and passed through the 
converging lens 1 8 toward the third photodetector 24. 

The first, second, and third photodetectors 20-24 can be conventional 
phototransistors or photodiodes that are an^anged along an axis 36. The first, 
second, and third photodetectors 20-24 can be discrete devices that are arranged 
as needed on a printed circuit board or, alternatively, can be integrated together 
on a single substrate such as an integrated circuit chip, a hybrid circuit, etc. In 
any case, the first, second, and third photodetectors 20-24 are configured so that 
each of the first, second, and third photodetectors 20-24 receives photons from a 
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corresponding one of the sensing zones 28-32. Further, the first, second, and 
third photodetectors 20-24 provide respective signals 38 (i.e., Si. S2 and S3) which 
are indicative of the quantity of reflected photons received by each of the first, 
second, and third photodetectors 20-24. For example, where the first, second, 
and third photodetectors 20-24 are photodiodes, the signals 38 can be low-level 
current signals; and where the first, second, and third photodetectors 20-24 are 
phototransistors, the signals 38 can be low-level voltage signals produced at the 
collectors of the first, second, and third photodetectors 20-24. » 

The processing circuit 26 includes an interface circuit 40, a processor 42 
and a memory 44. The interface circuit 40 perforins conventional signal 
conditioning functions so that the signals 38 are compatible with the processor:42. 
For example, the interface circuit 40 can level shift the photodetector signals 38. 
and perform an analog-to-digital, conversion of the level shifted signals so that^the 
signals 38 can be communicated to the processor 42 as a digital bitstream of 
digital words. The processor 42 can be any conventional microprocessor or 
microcontroller that processes the phototransistor signals 38 according to 
methods (described in greater detail below) which are stored as executable 
programs within the memory 44. 

The processing circuit 26 provides an output signal 46, which can, for 
example, be a digital signal (I.e., either ON or OFF) based on the location of the 
object within the field 12 and the processing method used by the processor 42 to 
process the signals 38. Additionally, the processing circuit 26 can receive an input 
from a trimpot 48, which enables a user to vary a predetermined threshold value 
that is used by the processor 42 to determine the proper state for the output signal 
46. Still further, the processing circuit 26 can receive a mode select input from a 
mode select switch 50, which allows the user to select one from a plurality of 
stored programs for processing the signals 38. 
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FIGs. 2A-2C graphically depict exemplary response characteristics 70-74 of 
the respective first, second, and third photodetectors 20-24 dependent upon the 
location of an object within the sensing zones 28-32. As shown in FIG. 2A, when 
an object is within the near field sensing zone 28 (i.e., between the points Zo and 
Zi on the axis 34), the signal Si provided by the first photodetector 20 has a 
substantial magnitude, while the signals S2 and S3 provided by the second and 
third photodetectors 22 and 24 have substantially lower or zero magnitudes. 
Likewise, as shown in FIG. 2B, when the object is within the middle field sensing 
zone 30 (i.e., between the points Zi and Z2 on the axis 34), the signal 82 provided 
by the second photodetector 22 has a substantial magnitude, while the signals Si 
and S3 provided by the first and third photodetectors 20 and 24 have substantially 
lower or zero magnitudes. Finally, as shown in FIG. 2C, when the object is within 
the far field sensing zone 32 (i.e., between the points Z2 and Z3 on the axis 34), 
the signal S3 provided by the third photodetector 24 has a substantial magnitude, 
while the signals Si and S2 have substantially lower or zero magnitudes. 

Thus, as described above and shown in FIGs. 2A-2C, the response 
characteristics 70-74 of the respective first, second, and third photodetectors 20- 
24 provide a set of mutually exclusive (i.e., non-overlapping) photodetector signals 
such that each of the first, second, and third photodetectors 20-24 has a 
substantial output when an object is located within its associated sensing zone 
and has a substantially lower or zero output when the object is located within 
another sensing zone that is not associated with the photodetector. In particular, 
as shown in FIGs. 2A-2C, the response characteristics 70-74 are such that the 
signal magnitudes decrease substantially to zero as an object nears the 
boundaries of the sensing zones 28-32. As a result, separation regions 76 and 78 
between the response characteristics of the signals 38 (i.e., Si, S2 and S3) are 
formed. In these separation regions 76 and 78 the output of each of the first. 
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second, and third photodetectors 20-24 had a substantially low or zero magnitude. 
As a result, the signals 38 do not overlap, which enables the processing circuit 26 
to reliably discriminate between the sensing zones 28-32, particularly when the 
object lies close to a boundary (e.g., Zi, Za, etc.) of one of the sensing zones 28- 
32. However, in many practical applications because the photons received by the 
first, second and third photodetectors 20-24 are typically reflected by objects 
having surface characteristics that tend to diffuse the collimated photon beam 27, 
the response characteristics 70-74 may not exhibit substantially zero magnitude 
within the separation regions 76 and 78. In fact, in such practical applications, the 
response characteristics 70-74 can be bell-shaped so that significant overlap of 
the characteristics 70-74 occurs within the separation regions 76 and 78 and 
across the sensing zones 28-32. 

The above-described mutual exclusivity or separation of the photodetector 
signals 38 can be accomplished by providing an appropriate aperture on each of 
the first, second, and third photodetectors 20-24. Such apertures are commonly 
used to define physical regions from which photodetectors can receive and detect 
photons. Essentially, these apertures function as a screen or mask that blocks 
detection of photons that have trajectories consistent with regions outside the 
desired sensing zones. Alternatively or additionally, a separation region between 
the signals 38 can be achieved electronically by, for example, using a comparator 
circuit to further signal condition the signals 38 so that, when a photodetector 
signal falls below some predetermined magnitude (which may be substantially 
greater than zero), the comparator output changes state to become, for example, 
substantially zero volts. 

On the other hand, in some applications, it may be desirable to provide a 
certain amount of response overiap between the signals 38. For instance, in 
applications where a target object is relatively small and/or where the object is 
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likely to fall near a boundary of a sensing zone, it can be beneficial to provide 
such a response overlap. In any event, those skilled in the art will recognize that 
the amount of overlap or separation between the response characteristics can be 
varied to suit the particular application. 

The processing circuit 26 can be programmed to process the signals 38 in 
one of several manners that are selectable by a user via the mode select switch 
50. The processor 42 can determine to which position the mode select switch 50 
has been set and can retrieve and execute one or more software routines stored 
on the memory 44 as needed. 

By way of example only, FIG. 3 is a flow diagram that depicts one method 
1 00 by which the signals 38 can be processed to accomplish a convergent scan 
operational mode. In general, the method 100 shown in FIG. 3 indicates the 
presence of an object located within the middle field sensing zone 30 by changing 
the output signal 46 from an OFF condition (e.g., a logical low condition) to an ON 
condition (e.g., a logical high condition). Also, generally, the method 100 
compares the signal S2, which is provided by the second photodetector 22 and 
which is indicative of the quantity of photons emanating from the middle sensing 
zone 30, to the signals Si and S3, which are provided by the respective first and 
third photodetectors 20 and 24 and which are representative of the quantity of 
photons emanating from the respective near field and far field sensing zones 28 
and 32. The method 100 also compares the signal S2 to a predetermined 
threshold value So (which is user adjustable via the trimpot 48). Because the 
method 100 detects the presence or absence of an object based on the relative 
magnitudes, as opposed to the absolute magnitudes, of the signals 38, the 
method 100 more reliably discriminates between background noise (i.e., electrical 
circuit noise, background radiation, etc.), spurious reflected photons (e.g., photons 
that are reflected by an object which is moving through a portion of the sensing 
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field 12 but which is not of interest), and photons which are reflected by an object 
within the sensing zone of interest (e.g., the middle field sensing zone 30). 

More specifically, in a block 102, the signal S2 of the second photodetector 
22 is compared to the signal Si of the first photodetector 20 and, if the magnitude 
of S2 is less than the magnitude of Si, the method 100 enters a block 104 and 
turns the sensor output 46 OFF. If the magnitude of the signal S2 is greater than 
that of the signal Si, then the method 100 enters a block 106 and compares the 
signal S2 to the signal S3. If the magnitude of the signal S2 is less than the 
magnitude of the signal S3, the method 100 enters the block 104 and tums the 
sensor output 46 OFF. If the magnitude of the signal 82 is greater than the 
magnitude of the signal S3, the method enters a block 108. In the block 108, the 
method 100 compares the signal 82 to the predetermined threshold value So and, 
if the magnitude of the signal 82 is less than the predetermined threshold value 80, 
the method 100 enters the block 104 and tums the sensor output 46 OFF. If the 
magnitude of the signal 82 is greater than the predetermined threshold value So, 
then the method 100 enters a block 1 10 and turns the sensor output 46 ON. 

FIG. 4 is a flow diagram illustrating another method 120 of processing the 
signals 38 to accomplish a near-field background suppression operational mode. 
In general, the method 120 shown in FIG. 4 indicates the presence of an object 
located within the near-field sensing zone 28 by changing the output signal 46 
from an OFF condition to an ON condition. More specifically, in a block 122, the 
method 120 compares the signal Si to the signal 82 and, if the magnitude of the 
signal 81 is less than the magnitude of the signal 82, the method 120 enters a 
block 124. In the block 124, the method 120 compares the magnitude of the 
signal 82 to the predetermined threshold value 80 and, if the magnitude of the 
signal 82 is greater than the predetermined threshold value Sq, the method 120 
enters a block 126 and tums the sensor output 46 OFF. If, In the block 122, the 
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magnitude of the signal Si is greater than the magnitude of the signal Sz. then the 
method 120 enters a block 128. In the block 128, the method 120 compares the 
signal Si to the predetemnined threshold value So and, if the magnitude of the 
signal Si is greater than the predetenmined threshold value So, then the method 
120 enters a block 130 and turns the sensor output 46 ON. 

On the other hand, (!) if the magnitude of the signal Si is not greater than 
the signal Sa and the magnitude of the signal S2 is not greater than the 
predetermined threshold value So, or (li) if the magnitude of the signal Si is 
greater than the signal S2 but the magnitude of the signal Si is not greater than 
the predetermined threshold value So, then no action is taken with respect to the 
sensor output 46. 

FIG. 5 is a flow diagram depicting another method 140 of processing the 
signals 38 that accomplishes a far-field background suppression operational 
mode. Generally speaking, the method 140 shown in FIG. 5 indicates the ^ 
presence of an object located within either of the near-field and middle-field 
sensing zones 28 and 30 by changing the output signal 46 from an OFF condition 
to an ON condition. More specifically, In a block 142, the method 140 compares 
the signal Si to the signal S3 and, if the magnitude of the signal Si is less than the 
magnitude of the signal S3, the method 140 enters a block 144. In the block 144, 
the method 140 compares the signal S2 to the signal S3 and, if the magnitude of 
the signal S2 is less than the magnitude of the signal S3, then the method 140 
enters a block 146. In the block 146, the method 140 compares the signal S3 to 
the predetermined threshold value So and. If the magnitude of the signal S3 is 
greater than the magnitude of the signal So, then the method 140 enters a block 
148 and turns the sensor output 46 OFF. In the block 144, if the magnitude of the 
signal 82 is greater than the magnitude of the signal S3, then the method 140 
enters a block 150. In the block 150. the method 140 compares the signal Szto 
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the predetermined threshold value So and. If the magnitude of the signal S2 is 
greater than the predetennlned threshold value So, then the method 140 enters a 
block 152 and turns the sensor output 46 ON. In the block 142, If the magnitude 
of the signal Si is greater than the magnitude of the signal S3, then the method 
140 enters a block 154. In the block 154, the method 140 compares the signal Si 
to the predetermined threshold value So and, if the magnitude of the signal Si is 
greater than the predetermined threshold value So, the method 140 enters the 
block 1 52 and turns the sensor output 46 ON. 

On the other hand, (i) If the magnitude of the signal Si is not greater thian 
the signal S3 and the magnitude of the signal S2 is not greater than the signal S3 
and the signal S3 is not greater than the predetermined threshold value So, or,(ii) if 
the magnitude of the signal Si Is not greater than the signal S3 and the magnitude 
of the signal S2 is greater than the signal S3 but the signal S2 is not greater than 
the predetemiined threshold value So, or (III) if the magnitude of the signal Si is 
greater than the signal S3 but the magnitude of the signal Si is not greater than 
the predetemiined threshold value So, then no action is taken with respect to the 
sensor output 46. 

As can be seen from the above description, the sensor described herein 
advantageously uses at least one, but preferably three, photodetectors to receive 
photons from at least one, but preferably three, respective sensing zone within the 
field of the sensor. In particular, the sensor described herein enables a user to 
select one from a plurality of available methods for processing the photodetector 
signals, thereby providing a high degree of application flexibility. Generally 
speaking, these processing methods make relative compansons using the 
photodetector signals and a user-adjustable threshold value to discriminate 
between noise, other spurious signals, and signals associated with an object 
within the sensing zone of interest, thereby more reliably determining the location 
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of the object within the sensing zone or zones of interest. Additionally, because 
the processing methods are based on relative comparisons between signals, the 
sensor described herein is relatively insensitive to variations in the surface 
conditions of objects to be detected within the sensing zone or zones of interest. 

Generally, the above-described processing circuit 26 is efficiently 
implemented using a general purpose processor as the processor 46 to execute a 
number of software code segments or modules that are retrieved from a computer 
readable memory, such as the memory 44, However, other combinations of 
hardware and software using, for example, application-specific integrated circuits 
(i.e., ASICs) or other types of hardware or firmware or software alone can be used 
to accomplish the same functions without departing from the scope of the 
invention. 

The embodiments and examples set forth herein are presented to best 
explain the present invention and its practical application and to thereby enable 
those skilled in the art to make and utilize the invention. For example, three 
modes of using the sensor have been described above. However, other modes of 
using the sensor should be apparent to one of ordinary skill in the art. Those 
skilled in the art, however, will recognize that the foregoing description and 
examples have been presented for the purpose of illustration and example only. 
Other variations and modifications of the present invention will be apparent to those 
of skill in the art, and it is the intent of the appended claims that such variations and 
modifications be covered. The description as set forth is not intended to be 
exhaustive or to limit the scope of the invention. Many modifications and 
variations are possible in light of the above teaching without departing from the 
spirit and scope of the following claims. It is contemplated that the use of the 
present invention can involve components having different characteristics. It is 
intended that the scope of the present invention be defined by the claims appended 
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hereto, giving full cognizance to equivalents in all respects. 
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CLAIMS 

The embodiments of an invention in which an exclusive property or right is 
claimed are defined as follows: 

1 . A sensor that optically detects a location of an object within a field 
comprising: 

first, second and third detectors arranged to receive photons from respective 
first, second and third sensing zones within the field; and 

a processing circuit that receives first, second and third signals from the 
respective first, second and third detectors, wherein one of the first, second and 
third signals is indicative of photons reflected by the object within the field and . 
wherein the processing circuit compares the one of the first, second and third 
signals to another one of the first, second and third signals in order to determine 
the location of the object within the field. 

2. The sensor of claim 1 , further including a source of photonic radiation that 
emits photons into the field. 

3. The sensor of claim 2, further including a lens for directing the emitted 
photons into the field. 

4. The sensor of claim 2, wherein the source of photonic radiation is a light- 
emitting diode. 

5. The sensor of claim 2, wherein the source of photonic radiation is a laser 
diode. 
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6. The sensor of claim 1 , wherein the first, second and third detectors are 
photodiodes. 

7- The sensor of cfai'm 1 , wherein the first, second and third detectors are 
phototransistors. 

8. The sensor of claim 1 , wherein the first, second and third detectors are 
arranged along a first axis and wherein the first, second and third sensing zones 
are located along a second axis. 

9^ The sensor of claim 8, wherein the first and second axes are substantially 
perpendicular to each other. 

10. The sensor of claim 8, wherein the first, second and third sensing zones are 
adjacent to one another. 

1 1 . The sensor of claim 8, wherein the first, second and third detectors are 
adjacent to one another. 

12. The sensor of claim 9, wherein the first, second and third sensing zones are 
adjacent to one another. 

13. The sensor of claim 1, wherein the first, second and third sensing zones are 
adjacent to one another. 

14. The sensor of claim 1 , further including a lens for directing the reflected 
photons to one of the first, second and third detectors. 
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15. A sensor that optically detects the location of an object within a field 
comprising: 

a source of photonic radiation; 

a first lens that coilimates photons emitted from the source of photonic 
radiation to fomn a collimated radiation beam that is directed into the field; 

first, second and third detectors arranged to receive photons from respective 
first, second and third sensing zones within the field, wherein the first, second and 
third sensing zones are adjacent to one another; 

a second lens that directs photons reflected by the object within the first, 
second and third sensing zones to the respective first, second and third detectors; 
and 

a processing circuit that receives first, second and third signals from the 
respective first, second and third detectors, wherein one of the first, second and 
third signals is indicative of photons reflected by the object within the field and 
wherein the processing circuit compares the one of the first, second and third • 
signals to another one of the first, second and third signals to detennine the 
location of the object within the field. 

1 6. The sensor of claim 15, wherein the source of photonic radiation is a light- 
emitting diode. 

1 7. The sensor of claim 1 5, wherein the source of photonic radiation is a laser 
diode. 

1 8. The sensor of claim 1 5, wherein the first, second and third photodetectors 
are photodiodes. 

19. The sensor of claim 15, wherein the first, second and third detectors are 
phototransistors. 
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20. The sensor of claim 15, wherein the first, second and third detectors are 
anranged along a first axis and wherein the first, second and third sensing zones 
are anranged along a second axis. 

21 . The sensor of claim 20, wherein the first and second axes are substantially 
perpendicular to pne another 

22. A method of optically detecting a location of an object, comprising the steps 
of: 

emitting photons into a field; 

receiving photons reflected by an object within one of first, second and third 
sensing zones of the field; 

converting the photons to first, second and third signals conresponding to the 
first, second and third sensing zones; and 

processing the first, second and third signals to determine the location of the 
object within the field. 

23. The method of claim 22, wherein the processing step includes the step of 
comparing one of the first, second and third signals to another one of the first, 
second and third signals. 

24. The method of claim 23, wherein the comparing step includes the steps of 
comparing the second signal to the first signal and the third signal and determining 
based on the comparisons whether the object is located within the second sensing 
zone. 
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25. The method of claim 24, wherein the detemriining step includes the steps of 
detennining whether the second signal is greater than the first signal and 
determining whether the second signal is greater than the third signal. 

26. The method of claim 25, wherein the step of determining whether the object 
is located within the second sensing zone includes the step of determining 
whether the second signal is greater than a predetermined threshold value. 

27. The method of claim 23, wherein the comparing step includes the steps of 
comparing the first signal to the second signal and determining based on the 
comparison whether the object is located within the first sensing zone. 

28. The method of claim 27, wherein the step of determining whether the object 
is located within the first sensing zone includes the step of determining whether 
the first signal is greater than the second signal. 

fl 

29. The method of claim 28, wherein the step of detemnining whether the object 
is located within the first sensing zone includes the step of determining whether 
the first signal is greater than a predetermined threshold value. 

30. The method of claim 28, wherein the step of determining whether the object 
is located within the first sensing zone includes the step of determining whether 
the second signal is greater than a predetermined threshold value. 

31 . The method of claim 30, wherein the step of determining whether the object 
is located within the first sensing zone includes the step of determining whether 
the first signal Is greater than the predetermined threshold value. 
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32. The method of claim 23, wherein the comparing step includes the steps of 
comparing the first signal to the third signal and comparing the second signal to 
the third signal and determining based on the comparisons whether the object is . 
located in one of the first and second sensing zones. 

33. The method of claim 32, wherein the step of determining whether the object 
is located in one of the first and second sensing zones includes the steps of 
determining whether the first signal is greater than third signal and determining 
whether the second signal is greater than the third signal. 

34. The method of claim 33, wherein the step of determining whether the object 
is located within one of the first and second sensing zones includes the step of 
determining whether one of the first and second signals is greater than a 
predetermined threshold value. 

35. The method of claim 34, wherein the step of determining whether the object 
is located within one of the first and second sensing zones includes the step of 
determining whether third signal is greater than the predetermined threshold 
value. 

36. The method of claim 22, wherein the step of processing the first, second and 
third signals includes the step of comparing one of the first, second and third 
signals to a predetermined threshold value. 

37. The method of claim 22, further including the step of generating an output 
signal indicative of the location of the object within the field. 

38. A sensor that optically detects a location of an object within a field 
comprising: 
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at least one sensing zone within tlie field; 

at least one detector an-anged to receive signals from the at least one 
sensing zone; and 

a processor that receives the signals from the at least one detector, wherein 
a first signal of the signals is indicative of light reflected by the object within the 
field, and wherein the processor determines the location of the object within the 
field based on the light reflected by the object. 
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